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(54) ARTIFICIAL TRACHEA 

(57) The present invention has an object to provide 
an artificial trachea that is able to be used safely in the 
clinical application, and especially an artificial trachea 
for the intrathoracic trachea, and the artificial trachea 
comprises a polypropylene mesh tube for the base ma- 
terial, around the outer periphery of which a polypropyl- 
ene filamentous stent is wound in a spiral shape, an 



amorphous collagen thin layer formed on the surface of 
the base material, and a fine fibrous collagen layer 20 
formed on the inner and outer surface of the amorphous 
collagen thin layer, to which thermal dehydration 
crosslinking is performed. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an artificial tra- 5 
chea for a trachea, and more particularly, to an artificial 
trachea used as a trachea substitute for the intrathoracic 
trachea. 

BACKGROUND ART 1C 

[0002] In recent years, accompanying the progress 
made in anesthesia control and post-operative control, 
including operative procedure for malignant tumors of 
organs in the cervical and thoracic parts, there has been u 
an increase in the number of occasions in which it is 
necessary to reconstitute the trachea or tracheal bifur- 
cation. 

[0003] Although the most clinically reliable recon- 
struction methods are direct anastomoses such as end- 2< 
to-end anastomosis and end-to-side anastomosis, 
these methods are subject to their own restrictions on 
the range of reconstruction, and even within the allowed 
range, high-degree anastomotic techniques and relax- 
ation sutures, etc. are required. Consequently, these 2 
procedures tend to be associated with extensive inva- 
sion. At that time, the use of a trachea substitute made 
of an artificial material (hereinafter to be referred to as 
an "artificial trachea") enables reconstruction to be per- 
formed easily and as a result, the indications for this op- 3 
eration can naturally be expected to be expanded. 
[0004] Attempts in applying such an artificial trachea 
began with animal experiments conducted by Daniel 
published in 1948, and although various materials have 
been attempted to be used since that time, no artificial 35 
materials that can be used safely in the clinical applica- 
tion have been still developed with the exception of par- 
tial prosthesis of the cervical trachea. 
[0005] In the case of artificial trachea for the intratho- 
racic trachea for which there is the greatest desire for 40 
clinical effectiveness in particular, differing from replace- 
ment of the cervical trachea in which the artificial trachea 
is densely covered by surrounding tunica muscularis fol- 
lowing replacement, since the artificial trachea is sub- 
jected to poor conditions in which there is little support 45 
and continuously subjected to the application of external 
force, in addition to common problems confronting arti- 
ficial trachea in the form of providing adequate support 
and rapid and reliable incorporation in the body with little 
inflammatory reaction, countermeasures against leak- so 
age of air constitute the most serious problem. 

DISCLOSURE OF INVENTION 

[0006] In order to improve the situation as described 55 
above, the object of the present invention is to provide 
an artificial trachea that is able to be used safely in the 
clinical application, and especially an artificial trachea 



for the intrathoracic trachea. 

[0007] The present invention is an artificial trachea 
which comprises a polypropylene mesh tube 21 for the 
base material, around the outer periphery of which a 
polypropylene filamentous stent 22 is wound in a spiral 
shape, an amorphous collagen thin layer 30 formed on 
the surface of said base material, and a fine fibrous col- 
lagen layer 20 formed on the inner and outer surface of 
said amorphous collagen thin layer, to which thermal de- 
hydration crosslinking is performed. (A simplified draw- 
ing of the overall constitution is shown in Fig. 1 . Further- 
more, in the drawing , although those members indicated 
with reference numerals 21, 22 and 30 should be indi- 
cated as being cross-sections with diagonal lines, such 
diagonal lines are omitted due to their complexity.) 
[0008] Here, the thin layer formed on the surface of 
the base material not only covers the surface of the 
mesh units constituting the mesh tube, but also ob- 
structs the pores in the mesh and covers the surface of 
the filamentous stent. 

[0009] In addition, the amorphous collagen layer re- 
fers to a collagen layer having an amorphous structure 
in which collagen molecules are irregularly dispersed in 
the monomer and oligomer states. 
[0010] Moreover, as shown in Fig. 2, the fine fibrous 
collagen layer refers to that in which ultrafine fibers 15 
having a diameter of about 5 nm and composed of sev- 
eral collagen molecules serve as the basic unit for form- 
ing fine fibers 14 having a diameter of about 50 nm, 
these then form narrow fibers 1 3a and 1 3b having a di- 
ameter of about 2 jim, said narrow fibers then alternately 
overlap in the manne_r of weft and warp to form fibers 12 
having a diameter of about 6 \x.m, these fibers then over- 
lap in the coaxial direction to form plate-like fibers 11 
having a diameter of about 20-50 uxn, and said plate- 
like fibers are dispersed in the form of a non-woven fab- 
ric (see reference numeral 20). The overall constitution 
of this layer is shown in Fig. 3. 

[0011] Furthermore, the above artificial trachea is 
suitable for use as an intrathoracic trachea, and partic- 
ularly as a trachea substitute for the tracheal bifurcation. 
Furthermore, it can naturally also be used as a trachea 
substitute for the cervical trachea based on the degree 
of difficulty of that application. 

BRIEF DESCRIPTION OF DRAWINGS 

[0012] 

Fig. 1 is a cross-sectional view schematically show- 
ing the wall structure of the artificial trachea of the 
present invention. 

Fig. 2 is a drawing schematically showing the mul- 
tielement structure of the fine fibrous collagen layer 
of the present invention. 

Fig. 3 is a drawing schematically showing the over- 
all constitution of the fine fibrous collagen layer of 
the present invention (photo substituting for draw- 
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ing). 

[0013] Here, each of the reference numerals used 
represent the following constituent elements. 

11: Plate-like fibers 5 

12: Fibers ' ' " 

13a: Narrow fibers 

13b: Narrow fibers 

14: Fine fibers 

15: Ultrafine fibers 10 
20: Fine fibrous collagen layer 
21: Mesh tube 
22: Stent 

30: Amorphous collagen thin layer 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0014] To begin with, with respect to the raw material, 
although various kinds of collagen used in the prior art 
can be used for the collagen, examples of which include 20 
neutral-solubilized collagen, acid-solubilized collagen, 
alkaline-solubilized collagen and enzyme-soiubilized 
collagen, enzyme-soiubilized collagen that has been 
treated with an enzyme such as pepsin, trypsin, chymo- 
trypsin, papain or pronase is preferable. This is because 25 
the teiopeptide serving as the antigen group in the col- 
lagen molecule is effectively removed, thereby eliminat- 
ing nearly all of its antigenicity. 
[0015] There are no particular restrictions on the ori- 
gin of this collagen, and type I collagen or a mixture of 30 
type I collagen and type III collagen obtained by extrac- 
tion and purification from the skin, bone, cartilage, ten- 
don, viscera and so forth of cows, pigs, rabbits, sheep, 
kangaroos, birds, fish and other animals can be used. 
[0016] On the other hand, with respect to the mesh 35 
tube serving as the constituent material of the base ma- 
terial, an example of a preferable material is soft Mar- 
lex® mesh (knitted polypropylene mesh having a pore 
size of about 300 p.m manufactured by Bard) based on 
previous results. The polypropylene stent that is the oth- *o 
er constituent material of the base material serves as a 
lumen support of the said mesh tube, and after winding 
around the outer surface of said mesh tube in a spiral 
shape and at a suitable pitch, the stent should be fusion- 
bonded by heating and sutured with suture such as 5-0 <5 
Prolene® (trade name) to integrally fasten to said mesh 
tube. 

[0017] Next, with respect to the manner of producing 
the artificial trachea, production should typically be car- 
ried out in the manner described below. 50 

(1) Prepare a mesh tube reinforced with stent. 

(2) Irradiate said tube with plasma to enhance the 
affinity with collagen. 

(3) Build up a roughly 1 N hydrochloric acid solution 55 
of collagen (pH = about 3, collagen concentration: 
about 0.5-3 wt%, and preferably about 1 wt%) to the 
surface of said tube. (As a specific method for 
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achieving this, said tube should be immersed in said 
collagen hydrochloric acid solution, and the mesh 
pores of said tube should naturally be obstructed.) 

(4) Air dry the tube builded up with said collagen (to 
form an amorphous collagen thin layer). 

(5) Place said tube, into the lumen of which an inner 
die (having an overall outside shape that matches 
the shape of said tube and an outer diameter that 
is about 7-1 0 mm narrower than the inner diameter 
of said tube, an example of which is a rod or tube), 
has been inserted in an outer die (having an overall 
inside shape that matches the shape of said tube 
and a tubular portion of a diameter that is about 7-10 
mm larger than the outer diameter of said tube), and 
introduce said collagen hydrochloric acid solution 
into the cavities between said dies and the outside 
and inside of said tube. During this procedure, as a 
result of redissolving the surface layer of the above 
amorphous collagen thin layer (the interface with 
the collagen hydrochloric acid solution introduced 
in this procedure), the collagen introduced in this 
procedure is ultimately integrated into a single unit 
with said thin layer. 

(6) Freeze said introduced collagen hydrochloric 
acid solution (at about -1 0 to -1 96°C, and preferably 
about -20°C), and after maintaining this state for a 
predetermined amount of time (about 6-48 hours, 
and preferably 24 hours), freeze-dry under a vacu- 
um (at about -40 to -80°C, and preferably about 
-80°C, for about 24-48 hours, and preferably about 
48 hours). Fine pieces of ice are formed between 
the collagen molecules dispersed in the hydrochlo- 
ric acid solution by the freezing procedure of this 
step (including the time during which that state is 
maintained), phase separation occurs in the colla- 
gen hydrochloric acid solution, and fine fibers are 
formed due to the realignment of collagen mole- 
cules. Next, in addition to vaporizing the ice present 
between the collagen molecules during the freeze- 
drying procedure, said fine fibrous collagen is ar- 
ranged pluralistically- resulting in the formation of 
the previously mentioned fine fibrous collagen lay- 
er. 

(7) Perform thermal dehydration crosslinking under 
a vacuum on said fine fibrous collagen layer (at 
about 105-150°C, and preferably about 140°C, for 
about 6-48 hours, and preferably 24 hours). This is 
to ensure that said fine fibrous collagen layer re- 
mains in the body until replacement of the inside 
and outside of the artificial trachea with the subject's 
own tissue is completed. 

Test Example 1 

[0018] Polypropylene stent (diameter: 1.0 mm) was 
wound around the outer periphery of a tube (primary tra- 
chea side; inner diameter of 20 mm and length of 40 
mm; bronchi sides: inner diameter of 15 mm and length 
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of 20 mm, respectively) comprised of Marlex® mesh 
(manufactured by Bard, knitted polypropylene mesh 
having a pore size of about 300 urn) in a spiral shape 
(pitch: 5 mm) and fusion-bonded by heating, the surface 
of said mesh tube sutured to the tube with 5-0 Prolene® 5 
(manufactured by Azwell) was made to be hydrophilic 
by irradiating with plasma radiation, and a hydrochloric 
acid solution of enzyme-solubilized collagen (pH = 3.0, 
collagen concentration: 1 .0 wt%) was applied to the sur- 
face thereof followed by air-drying to form an amor- 10 
phous collagen thin layer on the surface of said mesh 
tube (and the mesh pores of said tube were visually con- 
firmed to be obstructed). Said tube having an amor- 
phous collagen thin layer on said surface, into the lumen 
of which a rod serving as an inner die (having a diameter is 
of 10 mm on the primary trachea side and 5 mm on the 
bronchi sides) was inserted, was housed in an outer die 
(gap between said outer die and the outside of said tube: 
5 mm, and extending over the entire circumference of 
said tube), the above collagen hydrochloric acid solution 20 
was introduced into the cavities between the inside and 
outside of said dies and said tube, and after freezing 
said introduced collagen hydrochloric acid solution (at 
about -20°C for 24 hours), the tube was freeze-dried un- 
der a vacuum (at about -80°C for 24 hours) followed by 25 
thermal dehydration crosslinking treatment under a vac- 
uum (at about 140°C for 12 hours) to obtain an artificial 
trachea for use as a trachea substitute for a tracheal 
bifurcation. 

[0019] The resulting artificial trachea was then ap- 30 
plied to the tracheal bifurcation of eleven beagle dogs 
having body weights of 9-13 kg, respectively. (The tra- 
chea and primary bronchus were sutured to the artificial 
trachea of the present invention by end-to-end anasto- 
mosis using 3-0 Vicryl® in interrupted sutures. Here, a 35 
silicone stent was inserted into the lumen of said artificial 
trachea and fixed to the inner surface thereof by suturing 
as a countermeasure for preventing from infections. 
Furthermore, the entire artificial trachea was covered 
using the greater omentum.) After closing the chest, a *o 
thoracic drain was removed just after confirming no air 
leakage. After operation, antibiotic was administered by 
intramuscular injection for 1 week followed by oral ad- 
ministration of antibiotic until removal of the silicone 
stent (30 days later). - 45 

[0020] As a result, 8 of the 11 animals demonstrated 
long-term survival following observation after operation 
for a maximum of 1 0 months (the three animals that died 
following operation consisted of one animal that died 
due to the formation of a fistulae in the bronchus, one so 
animal that died due to an accident with anesthesia, and 
one animal that died due to unknown cause). According 
to the results of observation of the long-term surviving 
' animals using a bronchoscope, it was observed that the 
inside of the artificial trachea was covered with glossy, 55 
white epithelium , and there was no stricture or formation 
of granulation in the respiratory tract. Light microscopy 
and electron microscopy observations revealed the in- 



side of the artificial trachea to be covered with respira- 
tory tract epithelium having cilia. 

Test Example 2 

[0021] An artificial trachea was produced in the same 
manner as Test Example 1 with the exception of using 
the artificial trachea of the present invention as a trachea 
substitute for an intrathoracic trachea (inner diameter: 
20 mm, length: 40 mm), and applied in seven beagle 
dogs having body weights of 9-13 kg, respectively. The 
animals were sacrificed for observation at 3 months af- 
ter operation (3 animals), 6 months after operation (3 
animals) and 12 months after operation (1 animal), re- 
spectively. Stricture or formation of granulation in the 
respiratory tract was not observed in any of the animals 
(using a bronchoscope). In addition, light microscopy 
and electron microscopy observations revealed the in- 
side of the artificial trachea to be covered with respira- 
tory tract epithelium having cilia. 

INDUSTRIAL APPLICABILITY 

[0022] According to the artificial trachea of the present 
invention, it can be used safely even in the tracheal bi- 
furcation since it is able to promote regeneration of cil- 
iated epithelium of the respiratory tract and does not re- 
sult in stricture or formation of granulation in the respi- 
ratory tract. 



Claims 

1. An artificial trachea which comprises a polypropyl- 
ene mesh tube for the base material, around the 
outer periphery of which a polypropylene filamen- 
tous stent is wound in a spiral shape, an amorphous 
collagen thin layer formed on the surface of said 
base material, and a fine fibrous collagen layer 
formed on the inner and outer surface of said amor- 
phous collagen thin layer, to which thermal dehy- 
dration crosslinking is performed. 

2. The artificial trachea according to Claim 1 , wherein 
the artificial trachea is a trachea substitute for .an 
intrathoracic trachea. 

3. The artificial trachea according to Claim 2, wherein 
the artificial trachea is a trachea substitute for a tra- 
chea bifurcation. 
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